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Abstract:

[Background] Serious organic pollution in aquatic environments threatens the quality of drinking
water. Long-term low-dose exposure to multiple organic pollutants in drinking water poses
potential hazards to human health.

[Objective] This study investigates the pollution of 69 organic compounds in four categories
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including polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), organochlorine pesticides (OCPs), and phthalate
esters (PAEs) in finished water from a large drinking water treatment plant in a southern city at the estuary of the Yangtze River, and
evaluate potential health risk of exposure to mixtures of organic pollutants.

[Methods] Finished water samples from selected large drinking water treatment plant were collected. Solid-phase extraction and gas
chromatography-mass spectrometry (GC-MS) were used to enrich and quantify the levels of organic pollutants in water samples, including
PCBs, PAHs, OCPs, and PAEs. Non-carcinogenic and carcinogenic risks of exposure to individual organic compounds and mixtures were
evaluated by health risk assessment method recommended by U.S. Environmental Protection Agency (EPA).

[Results] In the finished water samples, 6 PAEs, 6 PAHs, 5 OCPs, and 1 PCB were detected. The total concentration was 477.28 ng-L™,
the concentrations of individual chemicals were in the range of 0.02-278.21 ng-L™", and the concentrations of the four categories of
chemicals were ranked as follows: PAEs>OCPs>PAHs>PCBs. This study assessed the non-carcinogenic risks of 11 detected chemicals in
three categories. Under the central tendency exposure (CTE) and reasonable maximum exposure (RME) scenarios, the non-carcinogenic
risks of exposure to mixtures of organic pollutants in each age group were at the levels of 10° and 10, respectively, both much lower
than 1.0, indicating an acceptable risk level. The carcinogenic risk assessment was performed on 6 detected organic substances,
including 2, 3’, 4, 4’, 5, 5’-hexachlorobiphenyl (PCB167), chrysene (Chy), naphthalene (Nap), p, p’-dichlorodiphenyl dichloroethane
(TDE), B-benzenehexachloride (B-BHC), and bis(2-ethylhexyl) phthalate (DEHP). Under the CTE scenario, the lifetime carcinogenic risk of
exposure to mixtures of organic pollutants (7.11x107) was below the negligible risk level (<10°) recommended by U.S. EPA. Under the
RME scenario, the lifetime carcinogenic risk (2.18x10°) was at the acceptable risk level (10°-10); the lifetime carcinogenic risk of B-BHC
(1.67x10°) was the highest among the 6 chemicals, accounting for 76.34% of the total lifetime carcinogenic risk. Moreover, oral ingestion
and dermal contact were the two main exposure routes for the estimated carcinogenic risks of selected organic substances.

[Conclusion] Organic pollution exists in the finished water in the selected water plant, and the detected chemicals do not exceed the
limits in U.S. EPA and China’s drinking water quality standards. The lifetime carcinogenic risk of exposure to mixtures of organic pollutants
in the finished water exceed the negligible risk level, and B-BHC is the major contributor. Although the carcinogenic risk is at the
acceptable risk level, the potential carcinogenic risk from life-long exposure to the finished water should not be neglected.

Keywords: finished water; organic pollutant; polychlorinated biphenyls; polycyclic aromatic hydrocarbons; organochlorine pesticides;
phthalate esters; non-carcinogenic risk; carcinogenic risk
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Table 1 Chemical-specific parameters of organic pollutants

YIRBA R EXEFFR BB 1°/ e b/ Vel t'/ Meto (ora) /. st o) / Vi’
Compound name Full name in English Abbreviation  (cm-h™)  (atm-m*mol™) FA ("™ (mgkg'd") (kg-dmg?) (m>pg?)
PCBs
= FiS i) » Ty 3 9 - i B - . - . -

Z S AT 167 2, 3', 4, 4', 5, 5'-hexachlorobiphenyl PCB167 1.43 1 11.00 3.90
PAHs

= chrysene Chy 4.70x10"  5.23x10° 1 2.03 = 1.00x10°  6.00x10”

= acenaphthene Ace 8.60x10°  1.84x10™ 1 7.68x10°  6.00x10° — —

= naphthalene Nap 4.70x10°  4.40x10" 1 560x10"  2.00x10” = 3.40x10°

I phenanthrene Phe 1.40x10"  4.23x10° 1 1.06 3.00x10™ — —

= anthracene Ant 1.42x10"  4.88x10° 1 1.05 3.00x10™ — —

[ pyrene Pyr 2.01x10"  1.19x10° 1 1.43 3.00x10° — —
OCPs

EEE p, p'-dichlorodiphenyl dichloroethane TDE 1.80x10"  6.60x10° 0.8 6.65 2.00x10°  2.40x10"  6.90x10”

PRAVAVA B-benzenehexachloride B-BHC 2.06x10°  4.40x10” 1 4.47 = 1.80 5.30x10™

BREUEES methoxychlor MXC 4.28x10°  2.03x10” 1 9.07 5.00x10° — —
PAEs

SPE L -2- ZEZ B bis(2-ethylhexyl) phthalate DEHP 2.50x10°  2.70x10” 0.8 16.60 2.00x10°  1.40x10°  2.40x10°

4P FREL — RS dimethyl phthalate DMP 1.40x10°  1.97x10” 1 1.31 1.00x10™ = =

PE_FRB B diethyl phthalate DEP 3.90x10°  6.10x10” 1 1.87 8.00x10™ — —

SPE IR TH di-n-butyl phthalate DnBP 2.40x10°  1.81x10° 0.9 3.86 1.00x10™ — —

[F] a: S2HEFRBEEEPABLRESRIEIT(HIER (Risk Assessment Guidance for Superfund, RAGS) ¥, b : BMEFRBEEEREFEBIE
(National Library of Medicine, NLM) F98 =45 %k3EZE (Hazardous Substances Data Bank, HSDB), ¢ : BH{ERBEEEPALZESNER RS
(Integrated Risk Information System, IRIS) . — : SEERAIFKS,

[Note] a: Data of these parameters are derived from U.S. EPA Risk Assessment Guidance for Superfund (RAGS)®. b: Values of these parameters are

derived from Hazardous Substances Data Bank (HSDB) of U.S. National Library of Medicine (NLM). c: Data of these parameters are obtained from

U.S. EPA’s Integrated Risk Information System (IRIS). —: Data are unavailable.
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Table 2 Concentrations of detected organic pollutants in organic
extracts of finished water in a large drinking water treatment
plant from a city in southern China

MEES  MEEH BT (&5) R/ (ngL)
Category Compound name Full name (Abbreviation) Conz:.t?;lon/
e SEEEIT L e (r167)
PAHs 3E phenanthrene (Phe) 7.40

)= anthracene (Ant) 1.33

e acenaphthene (Ace) 0.64

® pyrene (Pyr) 0.61

)] chrysene (Chy) 0.26

= naphthalene (Nap) 0.16
OCPs B- 757578 B-benzenehexachloride (B-BHC) 6.66

a- it a-endosulfan 3.37

B-FiFT B-endosulfan 1.76

w Erhrosthane (108 04

BREH RS methoxychlor (MXC) 0.46
PAEs PER_FPEB_FTHE  diisobutylphthalate (DIBP) 278.21

PE_RR_ZF diethyl phthalate (DEP) 69.24

PRCHBR - TH di-n-butyl phthalate (DnBP) 40.75

SBAR _FRES — KEs diphenyl phthalate (DPHP) 37.38

PR R R dimethyl phthalate (DMP) 26.47

SRR _FREL -2- ZE Z B bis(2-ethylhexyl) phthalate (DEHP) 1.92

¥ 8.0x10¢ % 1.2x10°
.; = D]
g S
£6.0x10° 89 0x10°
£ =
S o
3 4.0x10° 3 6.0x10%
C =
[=} o
= =
&12.0x10° & 3.0x10°
X X
) 0 L}
& o 9 18 g 0
™ i/ % (Age/years) ™ Eﬁ"/a‘v‘ Age/yearS)
§ZO><105 ;25x104@
°Q o
g . § 2.0x10°
15310 g
S ‘5 1.5x10*
3 1.0x10° ]
s £ 1.0x10*
£ £
&i5.0x10° & 5.0x10°
X X
sl 0 o 0
i 0 9 18 =
o FEE/% (Age/years) e sz/ k4 (Age/yea rs)
[Jocps  [JPAEs

[Note] A: Ingestion; B: Dermal absorption; C: Inhalation; D: Mixed exposure by three routes.

1 CTE (E—%7). RME (F—1

T) R TEFREBTRARBERENEA R HHREREK W KBNS R IEBTER

Figurel Non-carcinogenic risks of organic pollutants in finished water in a large drinking water treatment plant from a city in southern
China by different exposure routes in different age groups under CTE (upper) and RME (lower) scenarios
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R3 BAARHHEKREK U KENSAIFTERRRREERENL
Table 3 Lifetime carcinogenic risk of organic pollutants in finished water in a large drinking water treatment plant from a city
in southern China by different exposure routes

CTE RME

k50 - —

Chemical ZO18AN iR ORI N R TIRE /% ZO8\AN oS ORI IR /%

Ingestion Dermal absorption Inhalation totel Contribution/%  Ingestion Dermal absorption Inhalation total Contribution/%

PCB167 3.12x10° 1.28x10” — 1.31x10” 18.44 8.03x10° 4.85x10” — 4.93x10” 22.62
Chy 9.03x10™ 5.21x10™" 1.86x10"° 6.13x10™ 0.01 2.33x10™ 1.99x10™ 4.50x10™" 2.22x10™° 0.01
Nap — - 5.47x10"° 5.47x10™° 0.08 — — 1.32x10° 1.32x10° 0.06
TDE 5.33x10° 9.48x10™ 6.66x10"" 5.49x10° 0.77 1.38x10° 1.76x10™° 1.61x10™° 1.41x10° 0.65
B-BHC 4.16x10” 1.56x10”7 3.58x10™° 5.72x107 80.48 1.07x10° 5.95x10” 8.61x10"° 1.67x10° 76.43
DEHP 9.34x10™° 6.55x10"° 2.84x10"  1.59x10° 0.22 2.41x10° 2.50x10° 6.86x10™° 4.91x10° 0.23
Riota 4.25x10” 2.85x10” 9.72x10™°  7.11x107 - 1.09x10° 1.08x10° 2.34x10° 2.18x10° —
MR /% (Contribution/%)  59.82 40.05 0.14 - — 50.21 49.68 0.11 — —

[ (Note)] PcB167 : ZEEBXT 167 (2, 3, 4, 4', 5, 5'-hexachlorobiphenyl) ; Chy : J& (chrysene) ; Nap : Z= (naphthalene) ; TDE : ;&&7E (p, p'-
dichlorodiphenyl dichloroethane) ; B-BHC : B- 75757~ (B-benzenehexachloride) ; DEHP : $FZR _FEL -2- ZE 285 [bis(2-ethylhexyl) phthalate]o

3 itig

AARPHESAFHUTFEINGD, AOZE
£, ZK KEHKEBUKBERIL, RZmEENE
FoKTZ—, BE/KERE 140 A, Hk AOBE
3005, KK KREZENERBREEEEZRT M,
ZoK T KPR HE 4 XBIRENSRREKFE
BAERRE. HA R E RS PAEs # FEIL 25
TEIRB AT 2 127E, shi WIE USR] BT A
HGRBYER A K K BRI H T PAES YRR TR A K
EIKGIET Z3 PAEs I ABRME AR E, BKGIET
FERENEMESTR—LLPAES BYIRHIT R, =
EPAFIF[E GB 5749—2006 {4 SE IR A K B EFRE)
F#IE DEHP BIPR{E 53 59 6. 8pg-L™, GB5749—2006
F % DnBP F1 DEP BIPR1E 53 579 3. 300 ug-L™*, AR
7K # DEHP. DnBP 11 DEP HYRE K FYkiBid
RPR{E, PAHs. OCPs#1PCBs B FIFA MBI TEY,
BEEEMERMEMEMRARR, BEBITIMREM AL
BESHFATEE. MEFRARELEILNEMDRI78
MR IR K ERPIIRE T Z /D —FPAHs, KE
SBE93.89~231.39 ng- LM ¥, TZSHA 3T HR 4G H AY PAHS
KREKFSEZHELEHAE. RARE KPEHS
OCPs /R E K AR TE LUER] . ARSI TK A 7KRKEY
TREA7K OCPs RUMREZSEE (0~29.83ngL?) M 2R, Heb
MXC R E KT R T3 E ePA MEPRE (40pgLh)o &
[E EPA 5 GB 5749—2006 ¥¥& XA 7K PCBs R E YR
BERIE N 0.5ugL", MAHTRER HIRE KRBT,
AR KB HEY 18 FENISRYIT, 65 PAHSs
LY A 4 ¥ ocps EY Y E T EE EPAKPHIT

TS o), H KBRS H A DEHP. Nap # chy B T
FRIEEAERAZTANAE (International Agency for Research on
Cancer, IARC) #IZERY 2B A KEBZY,
KNI R P FHITIEBUZNPLITERY, Lo FF 18 %
ENFREX DRI ER R, WRBSHFMRRY
WROAHITEH, BERIABEZRBSHENER
DIHHE, Bl 6~<9 ¥ ABF R AEFEBIUKEREIR
Fo12 F BT 36 ¥ AR, BEAFEIFERBEIRK
ETE1BFUTRISE MU LNABZEERAR",
ZoK B KPENSERESZRENIFBUENK
IR TF 1.0, REAZMPLL FRHEZRITEE,
ZIK W KR e HENISRYIESHREE RME
= TFTHLEBUEX G S 84 FaES XK
(10°~10%), BHARAI B, 1R/ RAIREU#—F 18
Tt AR XU, B-BHC B A S A OCPs KiG H IR E &
=H—MYI5, RME 7R TRAEBIENS T 10°,
BEARFEN SEESRELREBENREE
kYo B-BHC B T /AR DEHEZ—, B
A1 FHBHEERZ EE =7/ BEHTHERE
RAATZ A URERA BN SR, &
FERMEEEFIEERPIE, M B-BHC B/ N/ 7/ Exid
ENREE, HMRAEATEIMERIRTEEN, Fit
AR A W B-BHC BT BESR B LUE/R/R/SHITR B 2,
B2, BUBXPITEERIET, &K B KENS
FYIRE R B O ABFHERM BT R, A1
FRIK KBTI Z LR R B KPENIS R
KEIKF,
B A K A GC-MS 13 75 5% 3 52 FB 55 AR M Y
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DB-5MS B3 1E, F EEHXI K AR IEAR M FAR B E Y
FEREBENSRY), MAKPENSRYMAE 2.
MRES, BE2EDMURBKPENSRIE, F
BRI ESSHERONRARRND TR BT
ENWSRESBTEALERE, NARTEN 2
WHANYETRERXLITG, XA SBIRER
RS RBERNRENR. AHRFRARPHEMNE
AR TREESRBENRRXMITME, HAXEEPAR
RAGS ™ Y, #HITZYBUR A RENIT BT, &
BEUENRET 0.1, JRARSBENISHIES R
AERENEETENSBENREZENES ;
UMRR EEREIBIRZ A, SIBURIERRNY
IR AR EAEMEE, R ESAMKREZITEE
BRBEERNONBENFER, BEELEEZES
Yl Pl e F AN MBS ERIFAN AR, R, B
REIUKSIER (A0S KRB B ER B HRKE)
W AFES XA KBTI KLFRNEF LR ;
HERIRAKIN, AMEBREIaY). =R5RIF
HMWERBAEHRHYETENY. Alt, &HR
IR K B IX 4 ZEB M5 2 B9 62 BR KB T (& 2 41
T NRARFEFERBE, AIENIRAKENER
YR &SRB RENRHNYRAR, A H—S R
KRR EVIS R EN, UEEEMRERINAK
BHERFIERE SR BIRERN,
RIFRERKE, BAREMHEARBK H K
FE—EREENENYER, BRAL KPEVIE
BRBEIIFBENLL T RER KT, ERRZMAE
KELSHBUENR, TEEREVIRNKE B-BHC AIREFE
BN, fRmizok Bl etk AR T2 AR A S
KA ERE T KR ENSRYIBEERRX,
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